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We report the results of a search for a narrow resonance decaying into two photons in 1.1 fb -1  of 
d a ta  collected by the D0 experiment at the Fermilab Tevatron Collider during the period 2002-2006.
We find no evidence for such a resonance and set a lower lim it on the mass of a fermiophobic Higgs 
boson of m hf > 100 GeV a t the 95% C.L. This exclusion limit exceeds those obtained in previous 
searches a t the Tevatron and covers a significant region of the param eter space B (h f  ^  7 7 ) vs. 
m hf which was not accessible at the CERN LEP Collider.
4PACS numbers: 14.80.Ly, 12.60.Jv, 13.85.Rm
In  th e  s ta n d a rd  m odel (SM ), th e  H iggs field is respon ­
sible for b o th  electrow eak sy m m etry  b reak ing  an d  gen­
e ra tin g  e lem en ta ry  ferm ion m asses. A nd  w hile th e  SM 
describes ou r w orld a t  cu rren t ex p e rim en ta lly  accessible 
energies, th e  exac t m echan ism  for electrow eak sy m m etry  
b reak ing  rem ains a m ystery.
D i-pho ton  decays of th e  H iggs boson  are suppressed  
a t  tre e  level, an d  in  th e  SM such  decays have a very  
sm all b ran ch in g  fraction , 10- 3  — 10- 4 . However, in  a 
m ore general fram ew ork w here th e  p a ra m e te r  co n ten t of 
th e  th e o ry  is richer, such decays can  be enhanced . In  th e  
s itu a tio n  w here th e  H iggs-ferm ion  couplings are su b s ta n ­
tia lly  suppressed , th e  full decay  w id th  of th e  H iggs bo ­
son w ould be sh a red  m o stly  betw een  th e  W W , Z Z , an d  
7 7  decay  m odes. Such a scenario, th e  so-called “fermio- 
phob ic” H iggs boson, arise in  a v a rie ty  of m odels, e.g. 
[1, 2, 3]. In  all these  cases, for m asses m h <  100 G eV, 
th e  H iggs boson  d o m in a n tly  decays to  p h o to n  pairs.
E x p erim en ta l searches for ferm iophobic H iggs bosons 
( h f  ) a t  th e  C E R N  L E P  C ollider an d  th e  F erm ilab  Teva­
tro n  C ollider have y ie lded  negative  resu lts . M ass lim ­
its  have b ee n  se t in  a b en ch m ark  m odel th a t  assum es 
th a t  th e  coupling h fV V  (V  =  W ± , Z ) has  th e  sam e 
s tre n g th  as in  th e  SM an d  th a t  all ferm ion  b ranch ing  
ra tio s  (B) are ex ac tly  zero. C om b in atio n  of resu lts  ob­
ta in e d  by th e  L E P  co llab o ra tio n s [4, 5, 6 , 7] using  th e  
process e + e -  ^  h f  Z , h f  ^  7 7  y ie lded  th e  lower b o u n d  
m h >  109.7 G eV  a t th e  95% C.L. [8]. In  R u n  I o f th e  
T evatron , lower lim its  on  m hf from  th e  D0 an d  C D F  col­
la b o ra tio n s  are respectively  78.5 G eV  [9] an d  82 G eV  
[10], using  th e  processes qq' ^  V * ^  h f  V, h f  ^  7 7 , 
w ith  th e  d o m in a n t co n trib u tio n  com ing from  V  =  W ± .
In  th is  L e tte r  we perfo rm  a search  for th e  inclusive p ro ­
d u c tio n  of d i-p h o to n  final s ta te s  v ia  th e  H iggsstrah lung  
an d  vec to r boson  fusion processes: pp  ^  h f  V  ^  7 7  +  X  
an d  pp  ^  V V  ^  h f  ^  7 7  +  X , respectively . T h e  to ta l 
in te g ra te d  lum inosity  of th e  d a ta  used  for th is  search  is
1.10 ±  0.07 fb - 1 .
T h e  D0 d e tec to r  com prises a cen tra l track in g  sy stem  in 
a 2 T  su p e rco n d u c tin g  solenoid, a l iq u id -a rg o n /u ra n iu m  
sam pling  ca lo rim eter, an d  a m uon  sp ec tro m e te r. T he 
ca lo rim eter consists of a cen tra l section  (C C ) covering 
th e  p se u d o ra p id ity  range  |n| <  1 .1 , w hich is defined as 
n =  — lo g [ta n (2 )] w here 0 is th e  p o la r angle w ith  respec t 
to  th e  p ro to n  b eam  d irec tion , an d  tw o endcaps (EC ) ex­
te n d in g  coverage to  |n| <  4.2, each housed  in  a sepa­
ra te  c ry o sta t. T h e  e lec trom agne tic  (EM ) section  of th e  
ca lo rim eter h as  four layers w ith  lo n g itu d in a l d ep th s  of 
2Xo, 2Xo, 7Xo, an d  10Xo th a t  prov ide full co n ta in m en t 
of EM  p artic le s  (pho tons an d  e lec trons). T h e  ca lo rim eter 
layers have tran sv e rse  seg m en ta tio n  of x ¿n =  0.1  x  0.1 
(w here ^  is th e  az im u th a l angle), excep t in  th e  th ird  
layer, w here it is 0 .0 5 x 0 .0 5 , w hich allows for ac cu ra te  de­
te rm in a tio n  of th e  p o sitio n  of E M  partic les. Im m ed ia te ly  
before th e  inner layer of th e  cen tra l EM  ca lo rim eter th e re  
is a cen tra l p reshow er d e tec to r  (C P S ) form ed of 2 X 0 of 
ab so rb e r followed by  several layers of sc in tilla tin g  s tr ip s  
w ith  em bedded  w aveleng th -sh ifting  fibers. A com plete  
d escrip tio n  of th e  D0 d e te c to r  can  be found in  [11].
W e select events th a t  sa tisfy  single E M  triggers w hich 
becom e fully  efficient for EM  show ers w ith  tran sv e rse  
m o m en tu m  p T >  30 G eV . P h o to n s  an d  e lec trons are 
iden tified  in  tw o steps: th e  se lection of EM  clusters, an d  
th e ir  subseq u en t se p a ra tio n  in to  those  caused  by  p h o to n s 
an d  those  caused  by  electrons. EM  c lu ste rs  are  se lected  
from  ca lo rim eter c lu ste rs  by  requ iring  th a t  (i) a t  least 
97% of th e  energy  be d ep o sited  in  th e  EM  section  of th e  
ca lo rim eter, (ii) th e  ca lo rim eter iso la tion  be less th a n  0.07 
(iso la tion  is defined as [Eto t(0.4) — E e m (0 .2 ) ] /E e m (0.2), 
w here E tot (0.4) is th e  to ta l  show er energy  in  a cone of 
rad iu s  R  =  J ( A n )2 +  (A ^ ) 2 =  0.4, an d  E e m (0 .2 ) is th e  
EM  energy  in  a cone w ith  R  =  0.2), (iii) th e  transverse , 
energy-w eighted  show er w id th  be less th a n  0.04 ra d  (i.e. 
consisten t w ith  an  EM  show er profile), an d  (iv) th e  scalar 
p T sum  of all trac k s  o rig in a tin g  from  th e  p r im a ry  ver­
tex  in  an  annu lus of 0.05 <  R  <  0.4 a ro u n d  th e  c lu ste r 
be less th a n  2 GeV . T h e  c lu ste r is th e n  defined as an  
elec tron  if th e re  is a rec o n stru c te d  trac k  (or electron-like 
p a t te rn  of h its  in  th e  tracker) assoc ia ted  w ith  it  an d  a 
p h o to n  o therw ise . W e also consider EM  je ts  (jets w ith  
a  lead ing  n 0 o r n) defined as EM  cluste rs th a t  pass all 
cu ts  requ ired  for p h o to n  ca n d id a tes  excep t th e  trac k  iso­
la tio n  requ irem en t. W e will refer to  th e m  as “j ” or “j e t” . 
W e select events th a t  have a t  least tw o p h o to n s  in  th e  
cen tra l ca lo rim eter ( |n | <  1 .1) w ith  tran sv e rse  m o m en ta  
p T >  25 G eV . E v en ts  are  req u ired  to  have th e  p rim a ry  
v ertex  close to  th e  b eam  axis an d  w ith in  60 cm  of th e  
geom etrical cen te r of th e  d e tec to r. Id en tifica tion  of th e  
p rim a ry  v ertex  in  th e  event is im p o rta n t, as it affects th e  
ca lcu la tio n  of th e  p T of a p h o to n  c a n d id a te  an d  its  trac k  
iso lation . D espite  th e  fact th a t  p h o to n s  do  n o t leave 
tracks, th e  p ro b ab ility  to  rec o n stru c t a p r im a ry  v ertex  is 
high, 99.5%, du e  to  th e  u n derly ing  event activ ity .
T h e  H iggs boson  p ro d u ced  in  th e  m odels considered  
has  h igher tran sv e rse  m o m en tu m  q j7 th a n  th a t  o f th e  
tw o-pho ton  sy stem  of th e  backgrounds. T herefore, we se­
lect events w ith  q j7 >  35 G eV. F or sim plicity , we choose 
a  fixed cu t value w hich is below  th e  o p tim al cu t value for 
H iggs boson  m asses s ta r t in g  from  70 GeV . A fter all selec­
tio n  crite ria , we are left w ith  196 (1509) d i-p h o to n  events 
w ith  q j7 >  35 (q j7 <  35) G eV  for in v arian t m asses above 
65 G eV .
T h e d o m in a n t b ackg round  com es from  d irec t di­
p h o to n  p ro d u c tio n  (D D P ) processes. T h e  o th e r  m a jo r 
b ackg round  com es from  events in  w hich je ts  are m isiden- 
tified  as pho tons: Yj p rocesses w here a  q u a rk  or a g luon
5fragm en ted  in to  an  energetic  n 0 o r n an d  is rec o n stru c te d  
as a p h o to n , an d  th e  m u ltije t b ackg round  w here tw o je ts  
are m is-iden tified  as pho tons.
A n o th er source of d i-p h o to n  b ackg round  com es from  
events in  w hich e lec trons are  m isiden tified  as pho tons: 
th e  decay  of a Z  boson  w here e lec trons are rec o n stru c te d  
as p h o to n s  if th e re  are no  associa ted  tracks, an d  processes 
w ith  one real e lec tro n  com ing from  th e  decay  of a  W ±  
boson  p ro d u ced  in  associa tion  w ith  a  rea l p h o to n  or a 
je t  m is reco n stru c ted  as a p h o to n . T h e  veto  of e lec tron ­
like p a t te rn s  of h its  in  th e  track er reduces e lec tron  back­
grounds by  a fac to r of five, w hile keeping th e  p h o to n  
efficiency high. W e m easu re  th a t  (91 ±  3)%  of p h o to n  
ca n d id a tes  in  Z / y * ^  e + e - Y d a ta  sa tisfy  th e  an ti- tra ck  
ac tiv ity  requ irem en t. T h e  co n trib u tio n  of events w ith  one 
or tw o real e lec trons is o b ta in ed  by  app ly ing  th e  p ro b ­
ab ility  for an  elec tron  to  fail th e  tra c k  requ irem en t an d  
be rec o n stru c te d  as a p h o to n  (1.5+15% ) to  th e  Z  boson, 
D rell-Y an, an d  W ±  +  X  event yields. T h is backg round  
is e s tim a ted  to  be less th a n  one event.
W e es tim a te  th e  re la tiv e  co n trib u tio n s  of th e  yy , Y j, 
an d  j j  backg rounds using  th e  difference in  th e  energy  
w eighted  w id th  of th e  energy  dep o sitio n  in  th e  C PS, 
<rCPS. T h e  w id th  is generally  narrow er for p h o to n s  th a n  
for je ts . W e c o n s tru c t one-d im ensional te m p la te s  as a 
function  of x  =  a ^ PS for p h o to n s  [G(x)] an d  je ts  [J(x )]. 
T h e  G (x ) is co n s tru c te d  using  rad ia tiv e  Z /y *  ^  -£+^- y 
(^ =  e, u ) decays in  d a ta  an d  th e  J ( x )  is ta k en  from  th e  j j  
d a ta  sam ple . F rom  these  we c o n s tru c t tw o-d im ensional 
profiles for th e  th re e  com ponen ts yy , Yj, an d  j j , as fol­
lows: G G (x ,y )  =  G (x) • G (y), G J ( x ,y )  =  0.5 • [G(x) • 
J (y )  +  J ( x )  • G (y)], an d  J J ( x ,y )  =  J ( x )  • J ( y ) .  F u rth e r, 
u sing  these  tw o-d im ensional te m p la te s  we c o n s tru c t a fit­
tin g  function : c0 • [GG (x, y) +  ci • J J ( x ,  y) +  c2 • G J ( x ,  y)]. 
T h e  p a ra m e te rs  are chosen so th a t  c0 is equal to  th e  
nu m b er of y y  events an d  responsib le  for th e  overall n o r­
m alization , an d  ci an d  c2 d e te rm in e  th e  co n trib u tio n s  of 
j j  an d  Yj events re la tive  to  y y  .
For th e  d i-p h o to n  c a n d id a te  d a ta  sam ple, we m ake a 
tw o-d im ensional d is tr ib u tio n  of <rCPS. F or each event we 
ran d o m ly  decide w h e th e r th e  lead ing  p h o to n  is p lo tte d  
along th e  x- or th e  y-axis. W e fit th is  d is trib u tio n  w ith  
th e  function  defined above to  d e te rm in e  th e  ind iv idual 
com ponen ts: c0 =  131 ±  22 ±  7 events, c i = 0 .3 5  ±  0.19 ±
0.06, an d  c2 =  0.13 ±  0.28 ±  0.13, w here th e  first e rro r 
is th e  s ta tis t ic a l e rro r of th e  fit, an d  th e  second is th e  
sy stem a tic  u n c e r ta in ty  o b ta in ed  from  varia tio n s of th e  
fittin g  range , b inn ing  of th e  te m p la te s , an d  th e  source of 
th e  p h o to n  tem p la te .
T h e  n ex t s te p  is to  use th e  derived  fractions to  m odel 
th e  m ass d is trib u tio n  of th e  d i-p h o to n  c a n d id a te  d a ta . 
For th is  we need  th re e  m ass tem p la tes: T77, T7j , an d  
T j j . W e tak e  T77 from  PYTHIA M C [12] co rrec ted  for de­
te c to r  effects an d  rew eighted  w ith  th e  K -fac to r derived 
from  R e s B o s  [13] to  accoun t for th e  (n ex t-to -)n ex t-to - 
lead ing  o rder, N LO  (N N L O ), effects. T h e  o th e r  tw o te m ­
p la tes  are ta k en  from  Yj an d  j j  sam ples, w here we re­
lax  th e  ca lo rim eter iso lation , E M  fraction , an d  energy- 
w eighted  show er w id th  req u irem en ts  in  th e  defin ition  
of a je t  in  o rd er to  increase s ta tis t ic s  in  these  te m ­
p la tes . W e verify  th a t  re lax ing  th e  req u irem en ts  do  n o t 
a lte r  th e  k inem atics  of th e  sam ple. W e also co rrec t th e  
Yj m ass te m p la te  for th e  ad m ix tu re  of j j  even ts. W e 
co n s tru c t th e  b ackg round  m ass sp e c tru m  assum ing  th e  
functional form  N 77 • (T77 +  c i • T j  +  c2 • T7j-) w here 
T77, T7j-, an d  T j  are m ass d is tr ib u tio n s  no rm alized  to  
one (see F ig. 1 ), c i an d  c2 a re  ta k en  from  th e  C P S  fit 
above, an d  N 77 is th e  ex p ected  nu m b er of D D P  events 
from  th e  M C. For th e  m easu red  lum inosity , we es tim a te  
N 77 =  113± 3 .5 (s ta t)  ± 2 4 (sy s t)  events, w hich is in  agree­
m en t w ith  th e  c0 =  131 ±  22 ±  7 events derived  from  
d a ta . W hile  these  num bers, 113 an d  131, are w ith in  th e  
th e o re tic a l an d  ex p e rim en ta l u n ce rta in ties , we choose to  
norm alize th e  n u m b er of b ackg round  events to  th e  to ­
ta l nu m b er of events observed  in  th e  d a ta  (norm aliza tion  
events are co u n ted  ou ts ide  of th e  signal region, defined 
as a ± 5  G eV  w indow  in d ip h o to n  m ass cen te red  a t each 
hypo thesized  value). B y  do ing  so we e lim in a te  m ost 
of th e  b ackg round  u n ce rta in ties , e.g. lum inosity , ren o r­
m aliza tio n  scale.
FIG. 1: Normalized distributions of the invariant mass, m , of 
YY (circles), y j  (squares), and j j  (triangles).
F ig u re  2 show s th e  m ass d is trib u tio n s  in  d a ta  w ith  
overlaid  b ackg round  p red ic tions. T h e  sh ad ed  regions cor­
resp o n d  to  th e  ex p ected  b ackg round  erro r bands. T he 
inner b a n d  rep resen ts  th e  s ta tis tic a l u n c e r ta in ty  of th e  
m ass te m p la tes , w hile th e  o u te r  co rresponds to  th e  sys- 
te m a tic s  due to  v a ria tio n  in  th e  one-d im ensional <rCPS 
te m p la tes . W e assign an  ad d itio n a l 100% u n c e rta in ty  
th a t  includes an y  possib le change in  th e  sh ap e  of th e  
m ass te m p la te s  due to  th e  re laxed  defin ition  of a je t.
S ignal events are g en e ra ted  for a range  of m ass p o in ts  
from  70 G eV  to  150 G eV  in  10 G eV  steps. W e use th e
6m (GeV)
FIG. 2: D i-photon mass d istribution of the d a ta  (squares) 
w ith the overlaid background prediction (triangles), and the 
expected signal d istribution for m hf =  100 GeV in the bench­
m ark model.
PYTHIA event g en e ra to r followed by  a d e ta iled  GEANT- 
b ased  [14] s im u la tion  of th e  D0 d e tec to r. T h e  signal ef­
ficiencies, gslsnal, are  derived  from  th e  M C. T able I lis ts 
signal efficiencies a fte r co rrec tion  for tr ig g e r inefficiency 
an d  scaling  by  th e  ra tio  of efficiencies in  d a ta  an d  M C 
( «  95% p e r  p h o to n ) o b ta in ed  from  th e  elec tron  recon­
s tru c tio n  efficiency in  Z  ^  e + e -  events. N ote th a t  th e  
p h o to n  req u irem en ts  are chosen in  such a w ay th a t  th e  
M C co rrec tly  rep roduces differences betw een  electrons 
an d  p h o to n s  as confirm ed in  Z  ^  e + e - Y events. Ta­
ble I also shows th e  nu m b er of observed  d i-p h o to n  can ­
d id a te  events in  d a ta  in  10 G eV  m ass w indow s an d  th e  
co rrespond ing  b ackg round  es tim a tes  w ith  assoc ia ted  u n ­
ce rta in ties . T h e  w id th  of th e  m ass p ea k  is d o m in a te d  by  
th e  d e tec to r  reso lu tion  an d  varies betw een  2.8 G eV  an d  
5.2 G eV . T h e  size of th e  o p tim al m ass w indow  varies be­
tw een 8 G eV  an d  15 GeV , b u t for s im p lic ity  we use a 
fixed value of 10 G eV. T h e  accep tance of th e  m ass w in­
dow  cu ts  varies betw een  94% an d  66% for m hf =  7 0 - 1 5 0  
G eV. In  th e  sam e ta b le  we p rovide th e  th e o re tic a l bench ­
m a rk  b ran ch in g  ra tio , B (h  ^  y y ) [15], an d  th e  NLO 
cross section , ^N L° ,  for th e  su m  of th e  signal processes 
p p  ^  V V  ^  h f  an d  p p  ^  h f  V  o b ta in ed  w ith  VV2h an d  
v 2 h v  [16].
W e p erfo rm  a coun ting  experim en t in  th e  10 G eV  m ass 
w indow s, an d  in  th e  absence of an  excess of d i-p h o to n  
events, we se t an  u p p e r lim it on  th e  p ro d u c t of th e  Higgs 
boson  p ro d u c tio n  cross section  an d  d i-p h o to n  b ranch ing  
ra tio  <rh/ • B ( h f  ^  y y ) a t  95% C.L. L im its are ca lcu la ted  
using  th e  m odified freq u en tis t m e th o d  [17]. T able I 
shows th e  ex p ected  an d  observed  lim its. T h e  p resen t 
s tu d y  excludes ferm iophobic H iggs bosons of m ass u p  to  
100 G eV  a t  th e  95% C.L. T h is  is th e  m ost s tr in g e n t lim it
to  d a te  a t  a h ad ro n  collider. In  F ig. 3 we p resen t our 
resu lts  as lim its  on th e  b ran ch in g  ra tio  in  th e  p a ra m e­
te r  space B ( h f  ^  y y ) vs. m hf o b ta in ed  from  a ra tio  
of th e  above lim its  an d  ^N L° .  T h e  regions above th e  
ex p e rim en ta l p o in ts  co rrespond  to  th e  excluded  values 
of th e  b ran ch in g  ra tio . T h is  s tu d y  sign ifican tly  im proves 
th e  L E P  lim its  a t  in te rm ed ia te  m ass values, e.g. by  m ore 
th a n  a fac to r of four a t m hf =  120 GeV , an d  ex ten d s sen­
s itiv ity  in to  th e  region n o t accessible a t  LE P, m hf >  130 
GeV.
mhf (GeV)
FIG. 3: B (h f  ^  7 7 ) lim its as a function of the Higgs mass. 
The theoretical B (h f  ^  7 7 ) curve for the benchm ark model 
as well as the observed B (h f ^  7 7 ) lim its from D0 Run I 
and LEP are overlaid. The shaded regions correspond to  the 
excluded values of the branching ratio.
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7o(pp ^  h f  +  X ) • B (h f  ^  YY) (pb) 
m hf (GeV) d a ta  background eslgnal (%) expected limit observed limit Run I lim it o ^ 0 (pb) B (h f  ^  y y )
70 35 24.5 ±  4.6 6.9 ±  0.5 0.15 0.29 0.46 1.5 0.81
80 33 27.2 ±  5.0 7.9 ±  0.6 0.14 0.20 0.44 1.0 0.70
90 24 27.4 ±  5.4 9.8 ±  0.8 0.11 0.089 0.37 0.75 0.41
100 24 23.7 ±  4.8 10.3 ±  0.8 0.10 0.10 0.35 0.55 0.18
110 14 17.7 ±  4.4 11.2 ±  0.9 0.085 0.061 0.34 0.42 0.062
120 11 13.4 ±  3.7 11.3 ±  0.9 0.070 0.058 0.33 0.32 0.028
130 9 11.7 ±  3.3 11.2 ±  0.9 0.065 0.053 0.33 0.25 0.019
140 8 9.5 ±  2.8 11.7 ±  0.9 0.058 0.052 0.32 0.19 0.0061
150 12 6.3 ±  2.1 11.7 ±  0.9 0.051 0.10 0.32 0.15 0.0020
TABLE I: Input d a ta  for lim it calculation and 95% C.L. lim its on cross section tim es branching fraction. Quoted are the to ta l 
uncertainties th a t are used in the lim it calculation.
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